New noble bimetallic materials composed of platinum/silver, platinum/palladium and palladium/silver arrangements of nanoparticles supported on mesoporous ordered silica support were obtained and characterized. Ammine complexes of noble metals ([Pt(NH 3 ) 4 ]Cl 2 ), [Ag(NH 3 ) 2 ]OH and ([Pd(NH 3 ) 4 ]Cl 2 )) were used as nanoparticles sources. The selected ammine complexes of noble metals were proven to be an easy solution for obtaining good quality materials in comparison with other sources. Bimetallic materials were synthesized by traditional impregnation technique, making the proposed procedure simple and reproducible. Our studies demonstrated that there are significant differences between types of materials and thermal stability of their metal precursor and their decomposition mechanisms. The X-ray diffraction results showed that the obtained metal crystallites exhibited different sizes depending on the kind of noble metal, as indicated by significant differences in intensity and width of diffraction profiles for metal phases. Such difference in sizes of individual components causes different kinds of interaction between metal nanoparticle and solid support. The binding energy of reactants depends on the particle size. This difference was characterized by X-ray photoelectron spectroscopy measurements. The obtained materials were characterized by various techniques suitable for surface characterization with particular emphasis on high-resolution transmission electron microscopy.
INTRODUCTION
Nanomaterials have attracted significant interests in modern science. Highly ordered mesoporous materials modified by noble metals ions and nanoparticles remain important and useful materials in heterogeneous catalysis, fine chemicals production and modern materials designing fields (Raj et al. 2004; Wang 2009; Zhang et al. 2002) . The general tendency in research in this area is related to modification of available, well-known systems, introduction or substitution of heteroatoms into frameworks and finally combining simple systems into more complex systems for searching and obtaining products with unknown properties and their new functions (Zhu et al. 2013) . Solutions based on using highly dispersed metal particles on highly ordered and porous support seem to have advantages for obtaining functional materials with well-defined structure, active catalysts as well as biocompatible functional materials for biomedical applications (Liu et al. 2006; Song et al. 2006; Zhu et al. 2005) . In this regard, the association between unique properties of solid carriers (e.g. high surface area, uniform pore size and ordered pore structure) and size-related properties is so important for microscopic and nanoscopic particles. Actually, modern catalysts in most cases are based on configuration of several noble metals or nanoparticles (Christensen et al. 2010; Shegai et al. 2012) . The important feature of this procedure is the synergetic effect generated by various types of components and unique properties of final composites. Metal nanoparticles as one of the crucial parts of considered systems are important due to their small sizes, which vary around the order of one nanometre to hundreds of nanometres, which in practice means that they consist of a few tens to a few hundred atoms only. One of the advantages is the possibility of applying the metal nanoparticles in both homogeneous and heterogeneous systems as well as in "semi-heterogeneous" processes. In addition, catalysts based on metal nanoparticles are selective, efficient and remain recyclable, and thus, they fulfil the requirements for being green catalysts. Despite the great interest in utilizing metal nanoparticles, the surface processes at the atomic level remain an unattained goal in this field. In this work, we proposed the use of new bimetallic materials for determining the size of noble metal particle, their structure, chemical composition and metal-support interactions.
EXPERIMENTAL ANALYSIS
Pure SBA-15 support was prepared according to the procedure proposed by Zhao et al. (1998) . The synthesis was carried out at a constant temperature (35 °C in the case of synthesis mixture and 95 °C during the ageing step). Mesoporous silica was obtained from Pluronic P-123 (EO 20 PO 70 EO 20 , M w = 5800, Sigma-Aldrich) as a structure-directing agent and tetraethoxysilane (98%; Sigma-Aldrich) as a silicon source. About 4 g of P-123 was dissolved in a solution of 30 ml of deionized water and 120 ml of HCl (2 mol/l), followed by the addition of 9.12 g of tetraethyl orthosilicate. The mixture was maintained at 35 °C for 24 hours under stirring, and then it was loaded into an autoclave and heated at 95 °C for 48 hours. After synthesis, the organic parts of support were removed by slowly calcinating at 550 °C for 4 hours (heating rate 3 °C/minute) in a muffle furnace under an air atmosphere.
Bimetallic composites were prepared by impregnating the solid support in a solution containing a mixture of metal precursors. For impregnation of SBA-15 by noble metal ions, calcined SBA-15 (0.5 g) was immersed into an aqueous solution (10 ml and pH 8.5) containing a mixture of various amounts of ammoniacal complexes from [Ag(NH 3 ) 2 ] + , [Pt(NH 3 ) 4 ] 2+ or [Pd(NH 3 ) 4 ] 2+ ions. The mixtures were kept in an ultrasonic bath for 1 hour and left overnight in static conditions. Finally, the products formed were recovered by filtration and gently dried under an air atmosphere. It has been proved that the selected ammine complexes of noble metals seem to be an easy solution for obtaining good quality materials in comparison with other sources (Lin et al. 2006 ). (110) and (200) were observed. This indicated that materials prepared by the proposed procedure exhibited 2D hexagonal (p6mm) structure of SBA-15, which is preserved even after the incorporation of metals. In the case of Ag,Pt/SBA-15, clearly marked diffraction peaks of silver phase appear in the angular position of 2θ = 38.0°, 44.3°, 64.3° and 77.3°. They are indexed as Ag (111) accordance with a cubic crystallographic system. Just behind silver peaks the platinum peaks Pt(111), Pt (200) and Pt(220) are visible. Such broadening of the diffraction signal may indicate the presence of very small crystallites on the order of a few nanometres, which was also confirmed by TEM images. In the case of Ag,Pd/SBA-15 sample, XRD patterns reveal the presence of silver and silver chloride phase. Palladium crystalline phase was still not observed. Similarly, for the asprepared Pd,Pt/SBA-15 sample no crystalline phase was observed. Only after reduction in temperature (<550 °C), such phases were formed and visible on diffractograms. It is associated with greater stability of tetraammine platinum and tetraammine palladium ions than diammine silver ions. The size of crystallites calculated from XRD patterns is as follows: Ag,Pt/SBA-15, Ag nanoparticles = 50 nm and Pt nanoparticles = 2 nm; Pt,Pd/SBA-15 = 17 nm of Pt and 19 nm of PdO nanoparticles; and Ag,Pd/SBA-15 sample = 40 nm for AgCl and 3 nm for Ag nanoparticles. The measurement of binding energy X-ray photoelectron spectroscopy (XPS) of metal atoms reflects the possible interactions of nanoparticles with the support. In the case of Ag,Pt/SBA-15 sample [ Figure 4(a) ], the position of the silver doublet is characteristic for silver in metallic state.
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M. Zienkiewicz-Strzałka and S. Pikus/Adsorption Science & Technology Vol. 33 No. 6-8 2015 This suggests that silver nanoparticles do not exhibit chemical interactions with support surface. Platinum doublet is shifted by almost 2.5 eV from the position characteristic for platinum in metallic state. Such small platinum nanoparticles exhibit a deficit of electrons, indicating their interaction with the silica support. XPS results for the Ag,Pd/SBA-15 sample [ Figure 4(d) ] reveal rare and unusual bindings between palladium and silicon (Zienkiewicz-Strzałka and Pikus 2012). It was observed that certain amount of palladium atoms appear as -O-Pd-O-, -O-Pd-and even -Pd-Si-bindings. After impregnation, palladium ions are located on the support surface, which confirms the presence of Pd-O-and -O-Pd-O-bindings by surface silanol groups. As in the previous case, silver formed a metallic phase. This observation indicates that silver ions (diammine silver ions) exhibit lower stability in comparison with other components of the system.
CONCLUSION
We have successfully synthesized bimetallic composites using ammoniacal complexes of noble metals (platinum, palladium and silver). The impregnation technique allowed us to obtain interesting materials with well-defined noble metal crystallites and ordered porosity. The differences in stability of individual components (noble metal ammoniacal complexes) are responsible for the resulting phase type. XPS analysis allowed us to determine the strength of interaction between metal nanoparticles and solid support. One of the important observations is the significant electron deficit of platinum atoms, indicating a fairly significant interaction between metal and support atoms and chemical bonds between metal phases and silicon atoms. These phenomena are important because they affect the properties and behaviour of such materials in the real catalytic systems. Nature of this interaction depends on stability of metals, silanol groups located on silica surface and size of the crystallites.
